Microtubules, organelle transport, and steroidogenesis in cultured adrenocortical tumor cells. 1. An ultrastructural analysis of cells in which basal and ACTH-induced steroidogenesis was inhibited by taxol.
In adrenocortical cells, the first step in the enzymatic processing of cholesterol to steroid end products occurs in the mitochondria. ACTH increases mitochondrial cholesterol and steroidogenesis. In cultured mouse adrenocortical tumor cells, microtubule-based organelle motility may increase the proximity of mitochondria to the SER, lipid droplets and endoscome-derived lysosomes, thereby facilitating the transfer of cholesterol from these organelles to the mitochondrial outer membrane. ACTH may increase opportunities for the transfer by promoting organelle motility and by increasing the number of lysosomes. Taxol, a microtubule polymerizer, inhibits basal and ACTH-induced steroidogenesis in these cells, presumably at the step where mitochondria obtain cholesterol. We examined the ultrastructure of taxol-treated, unstimulated and ACTH-stimulated cells, seeking alterations which conceivably could interefer with the proposed organelle transport and encounters, and thus correlate with taxol's inhibition of steroidogenesis. Primary cultured cells were incubated in serum-containing medium for 4 hr with and without ACTH (10 mU/ml), with 10 micrograms/ml and 50 micrograms/ml of taxol, and with ACTH and taxol 10 or taxol 50 simultaneously. Culture media were analyzed for the presence of secreted steroids at the end of 1, 2, and 4 hr of incubation. At the end of the fourth hour, unstimulated cells and cells treated with ACTH, taxol 50, and both agents simultaneously, were fixed and processed for EM. Taxol inhibited basal and ACTH-induced steroidogenesis in a dose-dependent fashion. In both unstimulated and ACTH-stimulated cells, taxol 50 formed numerous microtubule bundles, but did not markedly change the distribution of mitochondria and lipid droplets. SER tubules, and clusters of Golgi fragments, endosomes, and lysosomes appeared to be translocated towards the cell periphery along some of the microtubules. Taxol permitted an ACTH-induced cell rounding and microfilament rearrangement considered to facilitate organelle motility. Our data indicate that taxol disrupts the formation of lysosomes by these adrenal cells, but it seemed unlikely that taxol's ultrastructural effects could prevent organelle transport proposed to cause meetings between mitochondria and the SER or lipid droplets, or prevent ACTH-caused increases in these encounters. Taxol may instead prevent the transfer of lipid droplet or SER-contained cholesterol to adjacent mitochondria, by a means not detectable in our electron micrographs.